ABSTRACT: Attention deficit hyperactivity disorder (ADHD) is the most frequent disorder in children. The symptom of ADHD can characterized by inattention, poor sleeping, short spatial memory and physical exercise may decrease these symptoms. The aim of our study is to evaluate the effect of physical exercise on the cognition and emotion development in children with ADHD. Thirty children (6-12 years old) with ADHD in Beijing were randomly divided into two groups: physical exercise group (PG) and control group (CG). After 10 weeks of physical exercise, cognition and emotion in the physical exercise group were enhanced more significantly than that of the control group. Our results testify that physical exercise in 6-12 years old children with ADHD has benefit to the development of their cognition and emotion. We conclude that physical exercise is important for the cognition and emotion development in 6-12 years old children with ADHD.
INTRODUCTION
Attention deficit hyperactivity disorder (ADHD) is the most frequent neurodevelopmental disorder of childhood (Baran et al. 2015) . Studies have proved that children with ADHD have some impairment in their social and school life throughout development such as inattention, hyperactivity, anxiety and cognitive functions (Katja et al. 2014 ). Children with ADHD also made more mistakes in recognizing all types of emotional and neutral expression (Rommel et al. 2015) . They can significantly increase risk of developing psychological disorder. Emerging evidence suggest that physical exercise enhances cognition and may be a protective factor for ADHD. However, the effect of physical exercise on cognition and emotion development in children with ADHD has been not well studied (Silva et al. 2015) . Therefore, the aim of our present study is evaluate the effect of physical exercise on the cognition and emotion development in 6-12 years old children with ADHD. Our findings may provide a theoretical basis for the cognition and emotion development of children with ADHD.
METHODS

Subjects
Thirty children (6-12 years old) with ADHD were involved in this study and were randomly divided as physical exercise group (PG, boys=8, girls=7) and control group (CG, boys=7, girls=8). Children in the physical exercise group underwent physical exercise training for 10 weeks. The control group has no physical exercise training. 
Protocol
For the physical exercise group, 10 weeks physical exercise was training three times a week and 30 minutes for every time. The contents of physical exercise included "song-movement" and "colorful light". Before physical exercise training, a normal warm up was achieved first. The first game was song-movement: It started with running during which children listened to a song. Whenever specific words were mentioned in the song, they had to carry out a certain movement (e.g. touch the ground, jump up, keep down) (Silva et al. 2014 ). The second game was colorful light: the tester and the children standing face to face and there are 10 meters distance between tester and children. The tester said words (e.g. red light, yellow light, green light, stop, go). When the words of "red light, yellow light, stop" were listened, the children kept standing still, when the words of "green light, go" were listened, the children ran to the tester immediately.
Cognition and emotion
Cognition included attention, reaction time, spatial memory, which could be measured by the mobile software before and after 10 weeks. The changes of emotion were measured with beck depression inventory (BDI) and self-esteem scale (SES), which could be filled out with their parents.
Statistical analysis
The data of cognition and emotion were analyzed by GraphPad Prism 5. Differences between the physical exercise group and the control group were determined using paired Student's test by GraphPad Prism 5.
RESULTS
The cognition and emotion of the physical exercise group enhanced more significantly than that of the control group after 10 weeks training.
3.1. The characteristics of the subjects of two groups before 10 weeks training.
There is no remarkable difference between two groups before 10 weeks training. By data analysis of the two groups, we can know that the age, height, weight, cognition and emotion of children between two groups were not significant difference before 10 weeks training.
3.2.
Results from the data analysis of two groups after 10 weeks training.
From the table 2, we found that: compare with the control group, attention time and reaction time were shorter (P<0.05) and spatial memory time was higher in the physical exercise group (P<0.05). The score of BDI in the training group was decreased more obviously than that of control group (P<0.05), and the score of SES was increased in the training group than that of control group (P<0.05). 
Results from the analysis of the control group before and after 10 weeks
In the table 3, we can know that the cognition and emotion of control group is no significant difference before and after 10 weeks. 
Results from the analysis of the physical exercise group before and after 10 weeks training
From the table 4, we can know that: after 10 weeks training, attention time and reaction time of physical exercise group were decreased and spatial memory time was increased, the score of BDI was decreased and the score of SES was increased than that before 10 weeks, which demonstrated that cognition and emotion of the physical exercise group were improved. 
DISSCUSSION
Cognition is an ability to hold the things structure and development. Emotion is an important psychological condition that people complete any tasks. It includes depression, anxious, relationship to others. Attention deficit hyperactivity disorder (ADHD) is the most frequent disorder in children.
The symptoms of ADHD can be characterized by inattention, short spatial memory. Physical exercise is benefit for mitigate symptoms for the children with ADHD, such as hyperactivity, anxiety and social disorders. Therefore, the aim of our study is to evaluate the effect of physical exercise on the cognition and emotion development in children with ADHD. This study contrast the changes of cognition and emotion of two groups before and after 10 weeks training. Result from the data analysis of two groups before 10 weeks, the baseline of cognition and emotion were no remarkable difference for the children with ADHD before 10 weeks. After 10 weeks training, attention time and reaction time of the physical exercise group were shorter and spatial memory time was higher. The score of BDI in the training group was decreased more obviously than of the control group, and the score of SES was increased when compare with the control group. When compared the data of the physical exercise group before and after 10 weeks training, we found the attention time, reaction time were shorter and the spatial memory time was higher after 10 weeks training. The score of BDI was decreased more obviously than that before 10 weeks training and the score of SES was increased after 10 weeks training. The results indicated that cognition and emotion can be improved by physical exercise. Some data provide three hypotheses based on data to demonstrate this study: (1) Physical exercise improved the excitability of central nervous system. 
CONCLUSIONS
These findings demonstrate that physical exercise in 6-12 years old children can decrease ADHD symptoms thus to promote the cognition and emotion development. Therefore, we conclude that physical exercise can improve the cognition and emotion development in 6-12 years old children with ADHD.
